Background {#Sec1}
==========

Sedentary behavior -- time spent sitting or reclining during waking-hours \[[@CR1]\] is a specific occupational hazard in office workers. Prolonged sitting is associated with obesity \[[@CR2]\], metabolic disorders \[[@CR3]\] and all-cause mortality \[[@CR4]\] and observational \[[@CR5]\] and experimental evidence \[[@CR6], [@CR7]\] suggest that interrupting sitting-time may be associated with better health outcomes. Adults spend most of their time in sedentary behaviors, some 65 % of waking- hours; 8 to 11 hour day^−1^ \[[@CR8]\] and one of the features of modern life is that work has become less physically active and more sedentary \[[@CR9]\] and has more leisure-time engaged in sitting-related pursuits \[[@CR10]\].

There is a lack of studies that aim to understand how the two desirable dimensions from these interventions (total sitting-time reductions and increases in sit/stand transitions) would in fact interact in real-life settings. The workplace is an important context to introduce strategies for reducing and breaking up periods of prolonged sitting \[[@CR11]\]. However, leisure-time and non-working days also comprise a large portion of a working adult's week \[[@CR10]\]. Recent trials have shown significant reductions in workplace sedentary-time, using sit/stand workstations \[[@CR11]\], educational sessions \[[@CR12]\] and multi-component interventions \[[@CR13]\]. These multi-component interventions are likely to provide the most effective approach to reduce workplace sedentary-time \[[@CR14], [@CR15]\]. In addition, interventions using prompts to disrupt sitting-time and increase physical activity (PA) at work have been shown to effectively increase the number of breaks in sitting-time and to reduce the number of bouts of prolonged sedentary-time \[[@CR16]--[@CR18]\]. Distinct prompt frequencies have been previously used \[[@CR16]--[@CR18]\] but regardless of a generalized increase in the number of breaks, shorter prompt frequencies (1 prompt every 30 minutes) seemed not to reduce overall sitting-time \[[@CR16]\]. Therefore, in this pilot study we considered hourly prompts to enhance overall sitting-time reduction while at work.

Recent investigation has been shown that workers whot spend more time in sedentary pursuits during working hours do not compensate by being more active in non-working periods \[[@CR19]\]. Prior interventions aiming to increase PA in employees have been found to be of benefit \[[@CR20], [@CR21]\]. To reduce overall daily sitting-time, there is a need for interventions that, in addition to focusing on the workplace context, also target leisure-time contexts \[[@CR19]\].

Furthermore, a recent systematic review \[[@CR24]\] showed that overweight/obese people are an understudied population group in interventions that target reductions in sitting-time \[[@CR24]\] with only 2 studies \[[@CR15], [@CR25]\] including overweight/obese people (body mass index (BMI) \> 25.0 kg m^−2^). In fact, those are the persons that are at higher risk of several diseases \[[@CR26]\]; therefore, this pilot study tried to fill this gap by examining the short-term effectiveness of reducing and breaking up overall daily sitting-time of physically-inactive overweight/obese working adults using a multi-component intervention simultaneously addressing workplace and leisure-time contexts.

Methods {#Sec2}
=======

For sample and power calculations (whether not reported here) we considered one of the main outcomes from this pilot study, the energy expenditure assessed by the doubly labeled water (DLW) technique. Based on a previous intervention \[[@CR27]\], the energy expenditure assessed by DLW within each participant group was normally distributed with a standard deviation (SD) of 1.09. If the true difference in the experimental and control means was −1.31 MJ day^−1^, we would need to study 10 experimental participants to be able to reject the null hypothesis that the population means of the experimental and control were equal with probability (power) 0.8. The Type I error probability associated with this test of this null hypothesis is 0.05.

The study was approved by the Faculty of Human Kinetics, University of Lisbon Ethics Council (approval number: 14/2013) and conducted in accordance with the Declaration of Helsinki \[[@CR28]\]. Written informed consent was obtained prior to entry into the trial. After a careful analysis of the work patterns of several academic and administrative sectors of the university and surrounded workplaces (*n* = 50), an invitation Email was sent to each potential workplace limiting the participation to 1 person per workplace to avoid behavioral coupling or contamination between participants. Therefore, an invitation Email was sent to 50 potential participants working full-time that involved prolonged computer-based work while sitting. Details of the study were explained to respondents (*n* = 30) via telephone calls and participants who expressed interest (*n* = 20) attended a 30-minute face-to-face screening session.

Inclusion criteria consisted of: being currently employed in a full-time academic or administrative role that involves greater than 7 hour day^−1^ computer-based work; 18--65 years old; BMI greater than 25.0 kg m^−2^; not taking any medication or dietary-supplements; being physically inactive (not meeting the moderate-to-vigorous PA (MVPA) recommendations and with approximately 5000 steps day^−1^); and being free from any major disease that would inhibit their ability to participate in the study. Based on eligibility criteria we tested ten participants (five women and five men) (Fig. [1](#Fig1){ref-type="fig"}). Considering the ten participants' occupation, five had an administrative role in five different departments of the university. Two participants worked in a bank (distinct banks). One was a lawyer working in a private company and the last two participants were independent architects working in their own private studios. There was no drop-out during the trial.Fig. 1Screening, enrollment and interventions of the study participants

The pilot study design consisted on a cross-over randomized clinical trial (ClinicalTrials.govID: NCT02007681). A baseline measurement period (1 week), followed later (with approximately a 1-week break) by a 2-week period of measurement, where one week was the intervention and one the control (with the order of intervention and control randomized by an automated computer-generated randomization scheme). Data were collected between September and December 2013 and analyzed in 2014 Additional files [1](#MOESM1){ref-type="media"} and [2](#MOESM2){ref-type="media"}.

To ensure that participants were physically inactive (\< 30 minutes day^−1^ of MVPA and approximately 5000 steps day^−1^) and to assess habitual steps day^−1^, PA and sedentary-time, participants were fitted with an accelerometer (Actigraph GT3X+, Actigraph, Pensacola, FL, USA) prior to the intervention. The pilot trial consisted of two 1-week conditions performed in a random order, both under free-living conditions: intervention (asked to make a 3-hour reduction in sitting-time) and control (asked to undertake habitual sitting-time). In each condition participants were instructed to maintain the same eating patterns while wearing an accelerometer (Actigraph GT3X+, Actigraph, Pensacola, FL, USA) and an inclinometer (ActivPAL, PAL Technologies Ltd., Glasgow, UK). Both these devices do not allow participants to have a real-time feedback on their PA levels. Therefore, a pedometer (OMRON, Walking style II, HEALTHCARE Ltd., Kyoto, Japan) was used on the right hip, near the iliac crest, during waking-hours, and the participants were requested to remove it only during water-based activities such as showering and swimming, so that they could control the number of steps they were performing during the day.

Regardless of the randomization order, participants were told verbally in person to maintain their habitual PA levels and sedentary patterns in both working hours and non-working periods during the control week. We reinforced to them the importance of never exceeding the daily step goal for this condition (the number of steps day^−1^ performed at baseline) by using telephone calls and text messages throughout the day as well as checking on adherence to these individual daily steps goal, and reminding participants to report their daily steps in a diary.

To avoid carryover of behavioral strategies to reduce sitting-time adopted during the intervention week, those participants who were randomly allocated to the intervention condition during the first week were explicitly instructed to follow their normal work and non-work routines on the first day of the control week. Furthermore, on the last day of the intervention week, an investigator met the participants and explained to them verbally in person that starting on the next day (beginning of control week) it was critical that they did not perform any efforts to change their habitual activity patterns (prior to the study starting).

The intervention at the workplace to reduce sitting-time included a software program (Workrave, GitHub) that gave hourly alerts to participants to break-up their sitting-time for approximately 7 minutes through taking part in walking (to accumulate 30--60 minutes day^−1^). This software was installed in the work computers and automatically alerted the participants to break-up working while seated by presenting a warning message that covered and locked the screen entirely. When this alert appeared in the screen, participants had the option to postpone for 5 minutes, but the second time they did not have any option but to stop working and perform a break for at least 7 minutes (the time during which the computer screen was locked).

During transportation/home/domestic/leisure-time contexts, individual goals for number of steps day^−1^ were set based on an expected step cadence for ambulatory activities (approximately 90--120 minutes day^−1^) and by adding 6000 steps to their initial habitual daily amount. Also, generic strategies to reduce and break-up sitting-time were suggested, and participants identified strategies specific to their circumstances in their work, transport, and home contexts, for attaining their goal (3-hour-reduction in sitting-time).

Daily adherence during the intervention week was managed by using motivational telephonecalls and text messages throughout the day as well as checking on adherence to the individual daily steps goal, and reminding participants to report their daily steps in a diary, which also worked as part of the intervention.

Participant satisfaction with the program was rated during the post-intervention assessment on a scale of 1--10, with 1 being extremely displeased and 10 being extremely satisfied. They also had to select one of the three strategies (screen-based prompts; daily steps goal; and behavioral strategies personally delivered) and one from the two domains (work/leisure-time) as the most effective for reducing sitting-time.

Anthropometric variables were measured according to the standardized procedures described elsewhere \[[@CR29]\]. BMI was calculated as body mass (kg) height^−*2*^ (m).

ActivPAL Professional (PAL Technologies Ltd., Glasgow, UK) monitor was considered the primary method for the main variables in this study, as it provides a reliable method for differentiating sitting/lying, standing and stepping activities \[[@CR30]\], with a high accuracy for time spent sitting, compared with direct observation \[[@CR31]\]. The ActivPAL is a uniaxial piezoresistive accelerometer and inclinometer which is small (35 mm × 53 mm × 7 mm) and lightweight (20 g) worn on the middle-anterior line of the right thigh and provides a variety of objectively measured and objectively processed variables, including total time spent sitting/lying, standing and stepping and sit/stand transitions. Data were collected at a predetermined 10 Hz and the 15-second interval output was used for data analysis. Recorded output from the ActivPAL monitor was downloaded, processed, and classified into sitting, standing, and walking by using manufacturer-supplied ActivPAL software (version 5.9.1.1, PAL Technologies Ltd., Glasgow, UK).

From the 15-second interval output it was possible to extract prolonged and uninterrupted periods of time spent sitting, standing and stepping of different durations (bouts of ≤ 4 minutes; 5--9; 10--19; 20--29; 30--59; and at least 60 minutes) by manually counting the number of bouts in which participants were sitting, standing or stepping in the bout's duration categories \[[@CR32]\]. Because the past 3 bout categories are infrequent for the standing bouts (20--29; 30--59; and at least 60 minutes), they were combined into 1 category (≥ 20 minutes).

The device was attached to the skin with a manufacturer-supplied non-allergenic and non-waterproof adhesive tape (PALstickie, PAL Technologies Ltd., Glasgow, UK) and used continuously for 24 hours a day for 14 days, except for water-based activities such as showering and bathing. After showering or bathing participants were instructed to re-attach ActivPAL with an additional piece of the same adhesive tape that we provided. Prior to the trial we taught them exactly how, where and the correct positioning to attach the device. None of the participants performed any activity like swimming or any other water-based activity. Therefore, a valid-day was defined as having ≥ 22 hours of monitor wear, corresponding to the minimum daily use except for the showering and bathing. Participants were asked to record waking/sleeping hours and wear-time in a logbook. The information provided in the diary was used to determine ActivPAL's waking period and, therefore, to assess sedentary-time between waking and bed times. All ActivPAL's main variables including the sit/stand transitions, and the number of bouts in which participants were sitting, standing or stepping do not include sleeping hours. They were asked to record timing and reasons for every occasion the ActivPAL was removed.

Additionally, all participants were asked to wear an accelerometer Actigraph GT3X+ (Actigraph, Pensacola, FL, USA) on the right hip, near the iliac crest, during waking-hours, and requested to remove it only during water-based activities such as showering and bathing \[[@CR33]\]. The device activation, download, and processing were performed using the software Actilife (v.6.9.1, Actigraph, Pensacola, FL, USA). A valid-day was defined as having 600 or more minutes (≥ 10 hours) of monitor wear, corresponding to the minimum daily use of the accelerometer \[[@CR34]\]. As well as reported monitor non-wear-time (i.e. when it was removed for sleeping or water activities), periods of at least 60 consecutive minutes of zero activity intensity counts were also considered as non-wear-time \[[@CR35]\].

The amount of activity assessed by the Actigraph accelerometer was expressed as minutes per day spent in different intensities. The cutoff values used to define the intensity of PA and, therefore, to quantify the mean time in each intensity (sedentary, light, moderate or vigorous) were: sedentary: \< 100 counts min^−1^; light: 100--2019 counts min^−1^; moderate: 2020--5998 counts min^−1^ (corresponding to 3--5.9 metabolic equivalents (METs); vigorous: ≥ 5999 counts min^−1^ (corresponding to ≥ 6 METs) \[[@CR36]\]. There are no cutoffs for the sedentary-time using the 3-axial information from this new generation Actigraph GT3X+ accelerometer; therefore, we used the previous cutoffs which utilize the vertical axis only. Actigraph break was considered as any bout of time in which the accelerometer count rose up to or above 100 counts min^−1^ and which stayed within the light-intensity physical activity (LIPA) interval (\< 2020 counts min − ^1^).

The delivery and fitting of both devices (ActivPAL and Actigraph GT3X+) to the participants were conducted face-to-face \[[@CR34]\]. The devices were activated on the first day at 6.00 am and data were recorded in 15-second epochs. Participants were asked to record timing and reasons for every occasion the devices were removed. Although it would be useful to differentiate working from leisure-time periods, participants were not told to record the times they entered and finished work.

The primary outcomes were: ActivPAL's total waking-time spent sitting, standing, stepping; number of steps; and the number of bouts (≤ 4 minutes; 5--9; 10--19; 20--29; 30--59; and at least 60 minutes) of uninterrupted sitting. As secondary outcome measures the number of bouts (≤ 4 minutes; 5--9; 10--19; 20--29; 30--59; and at least 60 minutes) of ActivPAL's standing and stepping and the Actigraph accelerometer's breaks in sedentary-time were considered.

Energy and nutrient intake were assessed in 3-days (1 weekend-day) in each condition week, using 24-hour diet records. Participants were instructed regarding portion sizes, supplements, food preparation aspects (boiling, grilled, frying), and others aspects (e.g. fried in olive oil or butter) pertaining to an accurate recording of their energy intake. At the last visit, records were turned in and reviewed for liquid ingestion, macro-nutrient composition and total energy intake by the same technician. Diet records were analyzed using Elizabeth Stewart Hands and Associates (ESHA's) Food Processor Nutrition Analysis software for Windows version 10.0, 2013 (SQL Inc., an ESHA Company, Salem, OR, USA).

Statistical analysis was performed using PASW Statistics for Windows version 21.0, 2010 (SPSS Inc., an IBM Company, Chicago, IL, USA). Descriptive analysis included means and SD for all measured variables. Changes in the main primary and secondary variables between control and intervention conditions and for week-days with weekend-days were individually assessed using paired sample *t* tests. Day-by-day variations in sitting-time and treatment by condition interactions were examined by repeated measures analysis of variance (ANOVA). The distributional assumptions for ANOVA are for the normal distribution of the residuals. Therefore, normality was found for the residuals from all the main variables. To test if the randomly assigned order of treatment or the treatment by group interaction influenced the differences between conditions, the order of randomization was entered as between-subject variable and interaction with the main variables' changes were checked. Statistical significance was set at 0.05.

Results {#Sec3}
=======

All participants completed both trial conditions and no adverse events were reported. Of the ten participants (five women; five men), two were overweight and eight were obese. Mean age was 50.4 (SD = 11.5; min--max = 37--65) years; mean BMI was 32.6 kg m^−2^ (SD = 5.50; min--max = 25--41). Actigraph measured daily mean sedentary-time at baseline was 688 (SD = 91.2; min--max = 565--846) minutes; mean LIPA was 170 (SD = 25.4; min--max = 130--193) minutes; MVPA was 28.1 (SD = 12.4; min--max = 8--27) minutes; and the daily mean number of steps was 4783 (SD = 1365; min--max = 1274--5803).

For both intervention and control weeks there were no differences between week-days and weekend-days for any of the ActivPAL variables; therefore, week-days and weekend-days were pooled together. Also, no differences were found for the dietary patterns between conditions, (mean, SD control; mean, SD for the intervention-control, *p* value); energy intake (1828, 635 Kcal; −105, 439 Kcal, 0.468), carbohydrates (239, 169 g; −36.2, 134 g, 0.416), fat (63.9, 22.9 g; −5.67, 20.8 g, 0.533), and protein (78.3, 26.2 g; −1.93, 25.8 g, 0.818).

Daily overall waking-time during the control week was 16.4 hour day^−1^ and 17.0 hour day^−1^ for the intervention week. Individually, reductions in waking-hours sitting-time varied from 4.8 % (0.56 hour day^−1^) to 36 % (4.16 hour day^−1^), standing-time varied from 1.0 % reduction (−0.05 hour day^−1^) to 62 % increase (2.71 hour day^−1^), and stepping-time increased from 41 % (0.51 hour day^−1^) to 145 % (1.80 hour day^−1^). Sitting-time in 2 participants was reduced more than the target of 3 hour day^−1^ reductions, 6 reduced sitting more than 1 hour day^−1^ and 2 achieved a reduction in sitting-time of less than 1 hour day^−1^.

As presented in Table [1](#Tab1){ref-type="table"}, for the intervention week compared to the control week, there were significantly fewer daily hours spent sitting and there was significantly more time spent standing, stepping and a greater number of daily steps. There were no significant differences in ActivPAL-determined daily sit/stand transitions. Because the number of sit/stand transitions was not reduced, most commonly the additional standing and walking bouts were occurring continuously (i.e. slightly longer non-sitting bouts for the cumulative duration of approximately 1.85 hour day^−1^). This resulted in greater number of bouts of ≤ 4 minutes of standing and ≤ 4-minute and 5--9-minute bouts of stepping (Table [1](#Tab1){ref-type="table"}). There were no significant differences between conditions for any of the sitting bouts, standing bouts longer than 5 minutes, stepping bouts longer than 10 minutes and Actigraph breaks as defined by \> 100 counts min^−1^. Neither the randomly assigned order of treatment nor the treatment by groups' interaction had any statistically-significant effect on these differences (*p* \> 0.05). The (mean, SD) for the overall sitting-time in the control and intervention conditions was 11.99, 1.19 and 10.23, 1.64 hour day^−1^, respectively in the group that started in the control condition followed by the intervention. The participants who performed the 2 conditions in an inverse order (intervention first and control afterwards) spent 10.82, 1.51 hour day^−1^ of sitting-time during the control condition and 8.82, 2.19 hour day^−1^ in the intervention period.Table 1Differences in sitting, standing, stepping, daily steps, and bouts of sitting, standing, stepping from different durations (*n* = 10)InterventionControlIntervention minus Control difference(Mean, SD)(Mean, SD)(Mean, SD)*p*During overall waking-timeSitting-time (hour day^−1^)9.55, 1.8011.40, 1.48−1.85, 1.250.001Standing-time (hour day^−1^)5.16, 1.824.39, 1.400.77, 0.990.036Stepping-time (hour day^−1^)2.33, 0.371.24, 0.291.09, 0.41\<0.001Sit/stand transitions (number day^−1^)56.90, 9.0653.60, 11.003.28, 7.840.218Steps (number day^−1^)12,076, 19345712, 13356363, 1953\<0.001Sitting ≤ 4 minute bouts (number day^−1^)31.20, 8.7426.40, 10.804.83, 9.680.149Sitting 5--9 minute bouts (number day^−1^)9.60, 2.677.92, 2.461.68, 2.790.088Sitting 10--19 minute bouts (number day^−1^)9.58, 3.077.62, 1.001.96, 3.000.069Sitting 20--29 minute bouts (number day^−1^)4.31, 1.553.81, 1.240.50, 1.500.320Sitting 30--59 minute bouts (number day^−1^)4.09, 1.863.95, 1.030.14, 1.780.805Sitting ≥ 60 minute bouts (number day^−1^)3.13, 1.463.33, 1.36−0.21, 1.030.542Standing ≤ 4 minute bouts (number day^−1^)491.00, 88.50365.00, 78.50125.00, 104.000.004Standing 5--9 minute bouts (number day^−1^)5.56, 2.925.55, 2.440.01, 2.510.995Standing 10--19 minute bouts (number day^−1^)1.29, 0.841.49, 1.37−0.21 , 0.890.480Standing ≥ 20 minute bouts (number day^−1^)1.70, 2.122.10, 3.96−0.40, 3.780.745Stepping ≤ 4 minute bouts (number day^−1^)19.10, 6.673.00, 2.7116.10, 6.95\<0.001Stepping 5--9 minute bouts (number day^−1^)^a^2.94, 1.030.46, 0.422.48, 1.07\<0.001Actigraph breaks (100 counts min^−1^ threshold, number day^−1^)506.00, 106.00477.00, 128.0029.10, 7.500.085*SD* standard deviation^a^The participants had no stepping bouts longer than 10 uninterrupted minutes on both control and intervention weeks. Therefore, the means and differences were not presented for these bouts lengths, as it would be all zero.All variables were obtained with ActivPAL except for Actigraph breaks, which were obtained with Actigraph GT3X+

No significant day-by-day variations in sitting-time (*p* \> 0.05) were observed in either the control or intervention week (Fig. [2](#Fig2){ref-type="fig"}).Fig. 2Percentage of sitting from wear-time within the trial: a Bland-Altman analysis for the differences between control and intervention days

On a scale of 1--10, with 1 being extremely displeased and 10 being extremely satisfied, 6 of the 10 participants rated the program 10, (median = 9.5, min--max: 8--10). The ten participants rated the daily steps goal as the best strategy to achieve the sitting-time reduction and seven reported leisure-time to be the greatest domain to perform sitting-time changes.

Discussion {#Sec4}
==========

The results from this pilot intervention showed a reduction of 110 minutes day^−1^ of sitting-time in overweight/obese adults following a brief multi-component intervention based on prompts, telephone support, goal setting and behavioral self-monitoring. Along with the findings from previous interventions \[[@CR17], [@CR37]\] on the efficacy for shifting sedentary-time by walking and standing for approximately 2 hour day^−1^, we extended these results by finding that participants did not actually get up from sitting more often. Although a small and short-term intervention, this pilot study offers valuable insight for the rapidly growing field of research aiming at reducing sedentary-time and increasing the number of activity breaks throughout the whole day. Using the most validated device \[[@CR30], [@CR31], [@CR38]\] for measuring sit/stand transitions (ActivPAL), we found that people in the "real world" did not get up from sitting many times per day for activity breaks.

Previous interventions that also aimed to interrupt sitting-time have been effective in increasing the number of daily sit/stand transitions \[[@CR16], [@CR18]\] but the concomitant overall reduction in sitting-time was not always verified \[[@CR16]\]. Therefore, it is not yet clear how the various metrics of number and total duration of sitting-time should be interpreted. However, only the numbers of sitting bouts within particular intervals of bout duration were reported in the present study and not the mean time in each of these bout-length categories. While this gives a reasonable cross-sectional description of the pattern of sitting, it is less useful at identifying the sorts of changes in the duration of sitting bouts falling within the intervals selected. For example, a reduction of a single sitting bout from 58 minutes to 31 minutes would be a reduction in total sitting time of 27 minutes, but this would result in no change in the number of sitting bouts in the 30--59-minute interval. Therefore, the sedentary-bout categories and the selected intervals must be considered a limitation.

From our interviews with participants and the ActivPAL data regarding stepping, it appears that much of the extra non-sitting-time was spent when participants went out on a slow walk. Examples of behaviors where people would perform slow and intermittent stepping and standing include more time shopping, cooking, and light non-exercise strolls in leisure-time. This behavioral resistance to make more sit/stand transitions in the present study (from 54 day^−1^ to 57 day^−1^ from before to during the intervention) and other interventions \[[@CR39]\] (i.e. get up from sitting more often) would be consistent with a potentially important new concept regarding human sedentary behaviors: namely, that once people are engaged in a seated activity such as using the computer, reading a book, watching a movie, etc., people do not want to be interrupted to perform activity even if it is potentially healthy for them \[[@CR24]\].

Reflecting on the habitual number of  \> 60-minute sitting bouts found in these workers (approximately 3 bouts day^−1^) and the hourly prompts for breaking up sitting-time it would be expected that participants did not increased the number of sit/stand transitions to a greater extent. The mean number of sit/stand transitions based on ActivPAL was about 55 day^−1^ and participants did not take enough breaks to do their standing and walking to result in any detectable change (3.3 sit/stand transitions) in this pattern of sitting and non-sitting-time. Regardless of the non-statistical differences, a similar magnitude of change in sit/stand transitions was found to be significant in a previous study \[[@CR40]\]. Therefore, it is curious that considering the mean daily number of  \> 60 minutes sitting bouts in the present study (approximately 3 bouts day^−1^), 3 sit/stand transitions would be sufficient to interrupt these periods of prolonged sitting-time (\> 60 minutes). Nevertheless, and acknowledging this is a pilot study, the finding that the number of sit/stand transitions did not increase during this pilot intervention may be valuable for informing the many upcoming sedentary behavior interventions, aiming at evaluating health outcomes, to be more cautious about assuming that less total daily sitting-time will be effectively spread throughout the whole day as desired.

Moreover, the 16.2 % reduction in overall sitting-time was 4 times greater than for previously reported sitting-reduction interventions in overweight/obese adults using treadmill working desks \[[@CR41]\] or by using a lock-out device to reduce TV viewing-time (3.8 %) \[[@CR42]\]. We acknowledge that the differences between our findings and these studies might be due to the fact that those studies considered a longer intervention period but also because the present study considered both work and leisure-time settings \[[@CR18]\]. Studies have been using ActivPAL in sitting-reduction interventions \[[@CR15]\], which is a more valid measurement for distinguishing sitting from LIPA \[[@CR43]\]. However, in contrast to a workplace intervention that included both normal weight and overweight/obese adults, and which also used ActivPAL devices, a multi-component intervention, and reduced sitting-time by 89 minutes/8-hour workday and 33 minutes in the workstations-only group \[[@CR44]\], the present results (110 minutes day^−1^) show a major reduction in overall daily sitting-time, suggesting that focusing not only on workplace but also considering strategies to reduce sitting-time in non-work settings may enhance the effectiveness of these interventions \[[@CR18]\]. Another study that considered work, commute and leisure-time was able to reduce muscle inactivity time by 33 minutes day^−1^ using a simple tailored counseling in both normal weight and overweight/obese adults \[[@CR45]\]. Therefore, the multiuse of different strategies to reduce sitting-time in the present pilot study seemed to improve the efficacy of these sitting-reduction interventions on reducing total sitting-time but not to increase the number of activity breaks throughout the day.

Considering leisure-time only interventions, based on the actual daily step change (approximately 6000 steps) we anticipate that the inclusion of a higher daily step goal than has been purposed (1500--2000 steps day^−1^) \[[@CR12]\] would result in higher stepping-times, which could indirectly contribute for reducing sitting-time \[[@CR22], [@CR23]\]. The number of breaks in sedentary-time showed no significant differences between the 2 conditions (0.60 breaks sedentary hour^−1^) but Actigraph measurement of breaks is not a measurement of sitting to standing transitions but rather it is the transition from being motionless to moving, which also occurs during standing. Thus, the large number of breaks as measured by acceleration is a metric of change in movement rather than posture. Regardless, our findings were similar to a previous study (0.64 breaks sedentary hour^−1^, *p* = 0.005) including overweight/obese adults \[[@CR46]\] which reinforces the idea that people are resistant to increasing the number of breaks in sitting-time even though significantly reducing total time spent sitting. There were also no differences in the number of prolonged sitting bouts of any duration between the 2 weeks, but the absence of these differences may be explained by a shortening of the sedentary bouts within the duration categories (e.g. a change from 58 to 31 minutes in prolonged sitting-time) as opposed to across them (e.g. a change from 31 to 29 minutes). Likewise, as with the example presented above, similar cases would justify the significant reduction in total sitting-time without a corresponding change in the number of prolonged sitting bouts. However, the number of ≤ 4-minute bouts of standing and ≤ 4-minute and 5--9-minute bouts of stepping were significantly higher in the intervention week compared to the control week. In fact, while there are hundreds of standing bouts, there are only 50--60 sitting bouts, which may indicate that standing bouts are broken predominantly by stepping bouts (usually \< 1-minute step bouts).

The lack of significant differences for the sitting bouts may also be related to the large variability concerning free-living conditions and the small sample size. In fact, this study was not powered for this hypothesis, representing a limitation. Furthermore, the fact that our daily step goal was higher than in previous interventions may justify the need for participants to perform longer walking bouts and consequentially they had fewer opportunities to break-up sitting-time. Methods to induce more breaks in sedentary-time over the whole day are challenging in free-living conditions and the present pilot study shows that it will be harder than expected to change this than simply getting people to go on one or two longer strolls/standing bouts.

The non-existence of a washout period between the two conditions could be considered a fair limitation to this study given that it is a lifestyle intervention, and some behavioral carryover might exist for the group that started with the intervention condition, and then participants would continue the intervention regardless of being in the control group. This possible response would lower the difference in sitting-time between the two conditions. However, neither the randomly assigned order of treatment nor the treatment by groups' interaction had any statistically significant effect on these differences and no carryover existed; in fact, the group that started with the intervention condition was the one presenting higher differences between control and intervention conditions. Regardless, there was a trend for this group to present lower overall (control and intervention) sitting-time compared to the group that started with the control condition.

The lack of a good measure to distinguish work-time from leisure-time makes it difficult to objectively understand in which domain the major changes in sitting-time occurred and also what strategy from this multi-component intervention was more successful. These are some limitations that future interventional studies should be aware of. Regardless, based on participants' choices, the daily step goals, the most easily understood strategy for reducing sitting-time and leisure-time, was the setting in which seven in ten reported as being the easiest to reduce sitting-time. The small sample size and the short-term duration of the trial are probably the main limitations of this pilot study. However, the results are important for guiding this rapidly emerging field because we found, with the most valid measurement tools for sitting-time and breaks from sitting, that even when making moderate reductions in overall sitting-time of almost 2 hour day^−1^, overweight/obese people did not get up from sitting more frequently than normal. While small efficacy studies could obviously use prompts ("alarms," text messages, or other reminders) throughout the day to get up from sitting, it is perhaps important for scalable behavioral change in large numbers to carefully design behavioral studies that recognize that getting up from sitting when engaged in most tasks may be the hardest measure of sedentary behavior to make long-term changes in.

Strengths of our pilot intervention include the cross-over randomized controlled trial design, the focus on overweight/obese adults (who are an understudied population group in interventions that target reductions in sitting-time) the use of a multi-component intervention that extended strategies to the non-work settings, and also the use of objective and accurate measures of sitting-time (ActivPAL) \[[@CR30], [@CR31], [@CR38]\]. Non-work days and leisure-time activities like TV viewing-time or computer screen-time also contribute to overall sedentary profile \[[@CR42]\] and the present study adds to the scientific findings by taking a broader approach to influencing overall sitting-time. Also, a strength of this study was the fact that changes in dietary patterns were monitored and no differences were observed between conditions, meaning that participants did not increased their food intake in response to a higher activity level.

Conclusions {#Sec5}
===========

The results from this pilot study suggest that a multi-component intervention focusing not only on the work environment but also on the reduction of sitting-time throughout the whole day may result in greater changes than single-context interventions. The magnitude of sitting-time changes in this pilot study, along with the poor increases in the number of sit/stand transitions and the utilization of objective measures, justify future investigations aiming to replicate the present approach on a larger scale and to understand if most effective "real-world" interventions are going to be found easily.

Additional files {#Sec7}
================

Additional file 1:**CONSORT 2010 checklist of information to include when reporting a randomized trial\*.** (DOC 217 kb)Additional file 2:**CONSORT 2010 flow diagram.** (DOC 48 kb)

ANOVA

:   analysis of variance

BMI

:   body mass index

CONSORT

:   Consolidated Standards of Reporting Trials

DLW

:   doubly labeled water

ESHA

:   Elizabeth Stewart Hands and Associates

LIPA

:   light-intensity physical activity

MET

:   metabolic equivalent

MVPA

:   moderate-to-vigorous physical activity

PA

:   physical activity

SD

:   standard deviation

TV

:   television
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